Control of a 2 D.O.F direct drive robot arm using integral sliding mode control by KSM Kader Ibrahim , Babul Salam
c o f o m OI H 2 D . a . r DIRECT DRIVE ROBOT ARM USING 
W1E6RAI SLIDING MODE CONTROL 
BABUL SALAM BIN KSM KAOER IBRAHIM 
.; • ? V t i\ v : I I J 11. - U t - 1 / i ft L* • *. J « h 
PERPUSTAKAAN K U i TTHO 
3 OOOO 00098886 9 
PSZ 19:16 (Pind. 1/97) 
UNIVERSITI TEKNOLOGI MALAYSIA 
BORANG PENGESAHAN STATUS TESIS* 
JUDUL: C O N T R O L O F A 2 D.O.F DIRECT DRIVE R O B O T A R M USING 
INTEGRAL SLIDING MODE CONTROL 
S E S I P E N G A J I A N : 2004/2005 
Sava HAWITI. SATAM tt KSM KAT>FR TKR AHTAf 
(HURUF BESAR) 
mengaku membcnarkan tesis (PSM/Saijana/Dektorfals&fah)* ini disinipan di Pcrpuslakaan 
Universiti Teknologi Malaysia dengan syarat-syarat kegunaan seperti berikut: 
4. 
Tesis adalah hakmilik Universiti Teknologi Malaysia. 
Perpustakaan Universiti Teknologi Malaysia dibenarkan membual salinan untiik 
lujuan pengajian saliaja. 
Perpuslakaan dibenarkan niembuat salinan tesis ini sabagai pertukaran anlara institusi 
pengajian tinggi. 
• 
• 
Si latandakaa(^ ) 
SULIT 
TERHAD 
(Mengandnngi makliimal yang berdaijali keselamatan atau 
kepenlingan Malaysia seperti vang tennakUib di dalam 
(AKTA RA1ISIA RASM1 1972) " 
(Mengandungi makliimal TERHAD yang (elah ditentukan 
oleh organisasi/badan di mana penyelidikan dijalankan) 
T1DAK TF.RI IAD 
JATANGAN PENU1-IS) 
Alamat tetap: 
9. J ALAN A N G G E R I K I, 
T A M A N ROS, 86100 
AYER HITAM. JOHOR. 
(T AND AT AN G AN PENYEL1A) 
Nama Penvelur. 
P.M. DR. M O H A M A D NOH B. A H M A D 
Tarikli: 21 OCTOBER 2004 Tarikh: 21 OCTOBER 2004 
CATATAN: * Potong yang tidak berkenaan. 
** Jika lesis ini SULIT atau TERHAD, sila lanipirkan surat daripada pilvak 
berkuasa/organisasi berkenaan dengan menyatuknn sekali sebab dan 
tcmpoh tesis ini perlu dikclaskan sebagai SULI T atau TERHAD. 
• Tesis dimaksudkan sebagni tesis bagi Ijazah Doktor Falsul'ali dan 
Sarjana secara penyelidikan, atau disertasi bagi pengajian secara keija 
kursus dan penyelidikan, atau Laporan I'rojek Sarjana Muda (PSM). 
"I hereby, declare that I have read this thesis and in my 
opinion this thesis is sufficient in terms of scope 
and quality for the award of degree of 
Master of Engineering (Electrical-Mechatronics and Automatic Control) 
Signature 
Name of Supervisor : ASSOC. PROF DR. MOHAMAD NOH AHMAD 
Date 21 OCTOBER 2004 
CONTROL OF A 2 D.O.F DIRECT DRIVE ROBOT ARM USING 
INTEGRAL SLIDING MODE CONTROL 
BABUL SALAM BIN KSM KADER IBRAHIM 
A project report submitted in partial fulfilment of the 
requirements for a award of the degree of 
Master of Engineering (Electrical-Mechatronics and Automatic Control) 
Faculty of Electrical Engineering 
Universiti Teknologi Malaysia 
OCTOBER, 2004 
I declare that this thesis "Control of a 2 D.O.F Direct Drive Robot Arm using 
Integral Sliding Mode Control" is the result of my own research except for works 
that have been cited in the reference. The thesis has not been accepted any degree 
and not concurrently submitted in candidature of any other degree. 
Signature 
Name of Author : BABUL SALAM B. KSM KADER IBRAHIM 
Date : 21 OCTOBER 2004 
i i i 
To my dearest father, mother and family for their encouragement and blessing 
To my beloved be expecting wife for her support and caring 
i v 
ACKNOWLEDGEMENT 
First of all, I am greatly indebted to ALLAH SWT on His blessing to make 
this project successful. 
I would like to express my gratitude to honourable Associate Professor Dr. 
Mohamad Noh Ahmad, my supervisor of Master's project. During the research, he 
helped me a lot especially in guiding to use Matlab/Simulink software. Then, during 
the discussion session, he tried to give me encouragement and assistance which 
finally leads me to the completion of this project. 
Finally, I would like to dedicate my gratitude to my parents, my family, my 
lovely wife and my best friends who helped me directly or indirectly in the 
completion of this project. Their encouragement and guidance mean a lot to me. 
Their sharing and experience foster my belief in overcoming every obstacle 
encountered in this project. 
Guidance, co-operation and encouragement from all people above are 
appreciated by me in sincere. Although I cannot repay the kindness from them, 1 
would like to wish them to be well and happy always. 
I am grateful to Kolej Universiti Teknologi Tun Hussein Onn ( KUiTTHO), 
(my employer) for supporting me in the form of a scholarship and study leave. 
ABSTRACT 
High accuracy trajectory tracking is a very challenging topic in direct drive 
robot control. This is due to the nonlinearities and input couplings present in the 
dynamics of the robot arm. This thesis is concerned with the problems of modelling 
and control of a 2 degree of freedom direct drive arm. The research work is 
undertaken in the following five developmental stages; Firstly, the complete 
mathematical model of a 2 DOF direct drive robot arm including the dynamics of the 
brushless DC motors actuators in the state variable form is to be developed. In the 
second stage, the state variable model is to be decomposed into an uncertain model. 
Then, the Integral Sliding Mode Controller is applied to the robot arm. In the forth 
stage, perform the simulation. This is done through the simulation on the digital 
computer using MATLAB/SIMULINK as the platform. Lastly, the performance of 
Integral Sliding Mode Controller is to be compared with an Independent Joint Linear 
Control. 
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ABSTRAK 
. Penjejak trajektori yang berketepatan tinggi merupakan satu topik yang 
mencabar dalam kawalan robot pacuan terus. Ini adalah disebabkan oleh 
ketaklelurusan dan gandingan masukan yang wujud di dalam dinamik lengan robot. 
Tesis ini membincangkan mengenai masalah dalam permodelan dan kawalan lengan 
robot yang mempunyai 2 darjah kebebasan. Kajian ini melibatkan lima peringkat 
seperti berikut; Pertama, pembangunan model matematik 2 DOF lengan robot 
pacuan terus yang lengkap merangkumi dinamik pemacu motor DC tanpa berus 
dalam bentuk pembolehubah keadaan. Di peringkat kedua, model pembolehubah 
keadaan akan dipisahkan ke model yang tidak tetap. Kemudian, kawalan ragam 
gelincir kamiran diguna pakai dalam lengan robot ini. Peringkat kelima adalah 
membuat penyelakuan. Simulasi atau penyelakuan ini dijalankan menggunakan 
komputer digital dengan bantuan perisisan MATLAB/SIMULINK. Akhir sekali, 
keupayaan di antara kawalan ragam gelincir kamiran dengan kawalan lelurus bebas 
lipatan dibandingkan. 
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CHAPTER 1 
INTRODUCTION 
1.1 Overview 
High accuracy trajectory tracking is a very challenging topic in direct drive robot 
control. This is due to the nonlinearities and input couplings present in the dynamics of 
the arm. This thesis presents the modelling and control of a 2 DOF (degree of freedom) 
direct drive robot arm. Direct drive robot arm is mechanical arm in which the shafts of 
articulated joints are directly coupled to the rotors of motors with high torque. 
Therefore, it does not contain transmission mechanisms between motors and their load. 
Serial kinematics chains have made up the majority of robot manipulator 
designs. Serious difficulties with serial mechanisms have proven difficult to overcome. 
High torques must be generated in the joints due to relatively long moment arms. 
Hydraulic actuators gave high force to weight ratios, but introduced maintenance and 
safety concerns. Electrical drives using gear trains, shafts, and couplings, could provide 
the necessary joint torques. However, these driving components introduced friction 
22 
which reduced force control capabilities, and backlash which reduced precision. 
Manipulator stiffness is also reduced by these drive components which are sometimes 
introduced to reduce the inertia of the links. Direct drive (DD) serial manipulators were 
introduced in the 1980's as a proposed solution to many of these problems [Asada and 
Kanade, 1983]. 
The direct drive joint consists of a pair of arm links, the motor, and the bearings. 
The motor is comprised of a stator and a rotor. The stator is housed in the case 
connected to a proximal link, and the rotor is directly coupled to the joint shaft, which is 
connected to the other arm link at a distal link. Thus the distal arm link is rotated 
directly by the torque exerted between the rotor and the stator, hence direct drive. 
Throughout this project, a two DOF direct-drive robot manipulator driven by Brushless 
DC Motors (BLDCM) is considered. 
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1.2 Objective 
The objectives of this research are as follows: 
1. To formulate the complete mathematical dynamic model of the BLDCM driven 
direct drive revolute robot arm in state variable form. The complete model will 
be made available by integrating the dynamics of the 2 DOF direct drive robot 
arm with the BLDCM dynamics 
2. To transform the integrated nonlinear dynamic model of the BLDCM driven 
direct drive robots into a set of nonlinear uncertain model comprising the 
nominal values and the bounded uncertainties. These structured uncertainties 
exist due to the limit of the angular positions, speeds, and accelerations. 
3. To control the 2 DOF direct drive robot using Integral Sliding Mode Controller 
and to compare the performance between Integral SMC with other conventional 
controller. 
1.3 Scope of Project 
The scopes of work for this project are 
• The use of a 2 DOF Brushless DC motor driven Direct Drive Robot Arm as 
described in Reyes and Keyes(2001). 
• Simulation work using MATLAB/Simulink as platform. 
• The use of Integral Sliding Mode Controller as described in Ahmad et al.(2002). 
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• The comparison of the performance of Integral Sliding Mode Controller with 
Independent Joint Linear Control. 
1.3 Research Methodology 
The research work is undertaken in the following five developmental stages: 
a) Development of the complete mathematical model of a 2 DOF direct drive robot 
arm including the dynamics of the Brushless DC Motors actuators in the state 
variable form. 
b) Decomposition of the complete model into an uncertain model. 
c) Utilize Integral Sliding Mode Controller as robot arm controller. 
d) Perform simulation of this controller in controlling a 2 DOF direct drive robot 
arm. This simulation work will be carried out on MATLAB platform with Simulink 
as it user interface. 
e) Compare of the performance of Integral Sliding Mode Controller with 
other controller such as Independent Joint Linear Control. 
